Context: Most of the morbidity and mortality from parathyroid cancer is due to PTH-mediated hypercalcemia. Classically, management mainly consists of surgical resection, chemotherapy, and alleviation of hypercalcemia using bisphosphonates and calcium receptor agonists. The use of denosumab in the treatment of parathyroid cancer-mediated hypercalcemia has not been reported.
P
arathyroid cancer is a rare cause of hypercalcemia (1, 2) . Most patients present with a neck mass and hypercalcemia. Calcium (Ca) and PTH levels are usually much higher than in benign adenomas (3) . The morbidity and mortality in patients with parathyroid carcinoma is mostly related to refractory hypercalcemia arising from high PTH levels.
The mainstay of treatment of parathyroid carcinoma is en bloc surgical resection of the tumor and the ipsilateral thyroid lobe (4, 5) . In cases of metastatic, unresectable parathyroid carcinoma, medical therapy is directed toward treatment of hypercalcemia using bisphosphonates and Ca receptor agonists (6, 7) . Chemotherapy with dacarbazine (DTIC) has also been reported as being beneficial in some patients (8) .
We describe a 39-year-old man with recurrent metastatic parathyroid carcinoma in whom refractory hypercalcemia was successfully managed by the addition of the new antiresorptive agent denosumab. Denosumab is a monoclonal antibody that inhibits osteoclast activity through inhibition of receptor activator of nuclear factor B ligand (RANKL) that has been approved for treatment of postmenopausal osteoporosis as well as for the prevention of skeletal-related events (SREs) in malignancies with bone metastases (9 -11) . Although denosumab has been extensively studied and approved for the treatment of osteoporosis and SREs, it has not been studied for the treatment of hypercalcemia related to parathyroid cancer or benign hyperparathyroid states such as parathyromatosis that are refractory to surgery or established medical treatments.
Clinical Presentation
This 39-year-old Hispanic man was initially transferred to our institution from another hospital in 2009 at the age of 35 years with nontraumatic bilateral patellar tendon rupture. He was found to have an elevated Ca level of 20.5 mg/dL and a PTH of Ͼ2500 pg/mL. His past medical history was remarkable for primary hyperparathyroidism with resection of what was believed to be a right inferior parathyroid adenoma 7 years earlier at an outside institution. His family history was negative for kidney stones, elevated Ca levels, jaw tumors, or malignancy. A neck ultrasound at presentation showed several intrathyroidal lesions. Due to the very high PTH levels and the recurrent hypercalcemia, parathyroid carcinoma was suspected.
The patient underwent a reoperative parathyroidectomy, en bloc resection of a right sternothyroid mass, and resection of a tracheoesophageal groove mass. His intraoperative PTH levels fell from 1692 to 46 pg/mL, and hypercalcemia resolved. Histological analysis confirmed parathyroid carcinoma. Over the next year, he continued to have rising PTH levels, but Ca levels were within the reference range (8.3-10.5 mg/dL). Computed tomography (CT) scans of his neck, chest, abdomen, and pelvis showed no evidence for metastatic disease.
He was then lost to follow-up for 1 year, but he presented again at month 23, after his diagnosis with parathyroid carcinoma with symptoms of hypercalcemia and Ca and PTH levels of 19.4 mg/dL and 1273 pg/mL, respectively. Neck ultrasound, positron emission tomography/CT, and a 99 technetium ( 99 Tc)-sestamibi scan were unable to localize metastatic disease. Pamidronate, iv fluids, and oral administration of the Ca receptor agonist cinacalcet stabilized the Ca level at 12.1 mg/dL. Maintenance medical therapy with cinacalcet was continued. Despite this, over the next 3 months (Figure 1 , months 24 -26), he presented twice with recurrent hypercalcemia and PTH elevation. He was hospitalized for medical treatment of hypercalcemia with iv pamidronate and fluids. During this time, the cinacalcet dose was maximized to 180 mg daily. Although his Ca level decreased with these measures toward the end of the hospitalization, his Ca levels rose again after discharge. Over the course of months 23-26, cross-sectional imaging showed pulmonary micronodules, with the largest measuring 8 mm, and three new enhancing soft tissue lesions within the superior mediastinum and lower neck. A 99 Tcsestamibi scan showed increased uptake in the right supraclavicular lesion and in the left thyroid lobe. Subsequently, his Ca levels remained elevated between 12.2 and 14.2 mg/ dL, despite treatment with cinacalcet, iv fluids, and iv bisphosphonate. Given the refractory hypercalcemia and the reported hypocalcemic effects of denosumab, 120 mg of denosumab was administered toward the end of month 26 after presentation (Figure 1 ). His hypercalcemia subsequently resolved as shown in Figure 1 .
During month 27, he underwent repeated neck exploration surgery with resection of a right central neck mass, Figure 1 . Graphic illustration of the time course of Ca levels (continuous line, scale on the left axis), PTH levels (dotted line, scale on the right axis) in relation to the administration of denosumab (illustrated by the letter D for 60 mg and DD for 120 mg), and iv bisphosphonates (zoledronic acid or pamidronate) (illustrated by the letter B). a right supraclavicular mass, and a pretracheal mass. Postoperatively, his PTH level decreased from 1541 to 590 pg/mL, and his hypercalcemia resolved. Despite a high PTH level, he suffered an episode of postoperative hypocalcemia with a nadir of 6.9 mg/dL ( Figure 1 , month 27). It is likely that this episode of hypocalcemia was a result of a combination of the denosumab effect and postoperative hungry bone syndrome. Afterward, his hypercalcemia recurred on several occasions with only a limited and transient response to iv hydration, iv bisphosphonates, and a maximally increased dose of cinacalcet of 240 mg/d (Figure 1, months 25-30) . A CT scan of the chest and neck at month 31 showed a 1.6-cm nodular soft tissue mass in the right inferior thyroid bed that was increased in size compared to month 26, along with an increasing number of bilateral pulmonary micronodules. Monthly chemotherapy with DTIC was begun. Despite this, his PTH continued to rise, and his Ca levels continued to become increasingly refractory to medical management. He received a second dose of denosumab, after which his Ca levels decreased to levels between 8.3 and 12.0 mg/dL (Figure 1, months 33-38) . After receiving denosumab, his Ca remained in the reference range for 2-3 months, while his PTH remained elevated at 1459 pg/mL.
From there onward, he received denosumab at doses of 60 mg as needed when his Ca rose above the reference range Figure 2 . Role of denosumab in lowering Ca levels. Elevated PTH levels in parathyroid cancer increase osteoclast activity by increasing expression of RANKL on osteoblasts. RANKL then binds to receptor activator of nuclear factor B (RANK) on the surface of osteoclasts and causes increased bone resorption. Osteoprotegerin (OPG) is a soluble protein that inhibits the binding of RANKL to RANK. Denosumab acts similarly to OPG and decreases osteoclast activity by inhibiting the binding to RANKL to RANK. Through this mechanism, denosumab decreases Ca release from the bone. 
Discussion
Denosumab has been used in the treatment of osteoporosis and SREs in malignancies (9 -11). Many large trials have shown that hypocalcemia is a side effect of denosumab therapy. In a phase III trial of men with castration-resistant prostate cancer comparing denosumab and zoledronic acid (12) , rates of hypocalcemia were significantly higher in participants who received denosumab (13%) compared to zoledronic acid (6%). In another randomized, controlled, double-blinded trial comparing denosumab with zoledronic acid in multiple myeloma and other advanced cancers, 5.7% of participants receiving denosumab needed an iv Ca infusion for the treatment of hypocalcemia as compared to 2.7% of participants receiving zoledronic acid (11) . This observation led to the use of denosumab for the treatment of hypercalcemia in a few reported cases of malignancy-induced hypercalcemia related to renal cell carcinoma, multiple myeloma, or myelofibrosis (13) (14) (15) . Our report demonstrates the efficacy of denosumab in the management of hypercalcemia in parathyroid cancer. Additionally, given that parathyroid cancer-mediated hypercalcemia is a result of the elevated PTH levels, the denosumab-induced decrease in the Ca levels indicates that denosumab may counteract the hypercalcemic effect of PTH (Figure 2) . Therefore, selective use of denosumab may have a potential role for palliative treatment of hyperparathyroid-related hypercalcemia caused by parathyroid cancer. Moreover, it is likely that it could also be beneficial in benign conditions such as parathyromatosis where hypercalcemia is refractory to standard medical and surgical management.
